SUMMARY In a randomised study of 186 preterm infants those fed on maternal or banked breast milk had a significantly higher peak bilirubin concentration and a more prolonged jaundice than infants fed an artificial preterm formula and were over four times more likely to achieve plasma bilirubin values above 200 iimol/l (11.7 mg/100 ml). This dietary effect was seen even in a high risk subgroup of sick ventilated infants below 1500 g who were receiving restricted enteral intakes. We suggest that breast milk jaundice in preterm infants may increase clinical intervention. Our findings are discussed in the light of epidemiological data suggesting an association between moderate hyperbilirubinaemia (>170 [imol/l) and neurodevelopmental outcome.
detailed longitudinal studies, however, on breast milk jaundice in infants born preterm; yet, as discussed below, a diet induced increase in plasma bilirubin concentration might be of greater clinical importance in this high risk subgroup than in the full term neonate. In this study we have examined the relation between diet, respiratory disease, birth weight, and plasma bilirubin concentrations in 186 infants born in one unit taking part in a larger, randomised multicentre dietary trial.
Subjects and methods
One hundred and eighty six preterm infants weighing less than 1850 g at birth, with a mean (SD) gestation of 31 (3) weeks and mean (SD) birth weight of 1385 (291) g, were studied.
Infants whose mothers elected not to provide their own milk were assigned randomly to receive either banked donor breast milk or a special preterm infant formula (Oster-Prem, Farley Health Products Ltd) as sole diets (primary trial). When mothers expressed their own 'preterm' milk the infants were assigned randomly to receive either banked breast milk or preterm formula as 'supplements' to their mother's milk in volumes according to the mother's success in expressing her milk (supplement trial).
(The randomisation procedure is described in detail elsewhere.
2)
The median intake of maternal milk in the supplement trial was 46% of the total milk volume consumed.
Infants were studied until they reached a weight of 2000 g or were discharged from hospital. A blood sample, taken (for multiple purposes) at the time of routine clinical monitoring, was analysed for total plasma bilirubin concentration on the following mean (SD) days postpartum; 2(1), 5(1), 11(2), 18(2), 25(2), 34(3), and 50(7).
This study was designed to detect differences in bilirubin concentrations between randomised feed groups and not to derive 'normal' standards for plasma bilirubin in relation to diet. Our standardised blood sampling protocol would fail to detect the peak bilirubin value in some instances when this occurred on an intervening day (and thus our figures slightly underestimate maximum values in all feed groups).
Total plasma bilirubin was measured by the Jendrassik-Grof reaction, using a Roche kit in a centrifugal autoanalyser (Cobas Bio).
Ethical approval for the trial as a whole was obtained from the hospital ethical committees. Statistical analyses were performed using Student's t test, x2 test with Yates's correction, and Fisher's exact probability test.
Results
Details of the study population are shown in Table 1 . 1063
There was no difference between feed groups in mean gestation, birth weight, proportion receiving mechanical ventilation, or volume of intake of enteral feed during the first week. During the course of the study, the total number of subjects remaining in the study declined as follows: day 2, 186; day 5, 186; day 11, 182; day 18, 166; day 25, 140; day 34. 98; and day 50, 64. In the last period (34-50 days) there was a sharp fall in the proportion of subjects fed on the formula as a result of their faster growth rate on this diet and hence earlier discharge from hospital. Figure 1 and Table 2 show that for each feed group the highest mean bilirubin concentration was seen at the second sampling period (day range 4-7, mean 5) . At this age infants in the primary trial ( Fig.  1 ) fed on banked breast milk had a significantly higher plasma bilirubin concentration than those fed on the preterm formula, 196 (SE 14) smol/l (11 .5 (0-8) mgl100 ml) compared with 147 (15) p.mol/l (8-6 (0.9) mg/100 ml) (p<002). The subsequent decline in bilirubin concentrations was slower on banked breast milk: by a mean of 25 days, bilirubin concentrations were 76 (12) [smol/l on banked breast milk compared with 27 (7) imol/l on the preterm formula (p<0-001). Also in the comparison of the supplement trial (Table 2) Conversion: S1 to traditional units-Bilirubin: I umol/l =(0106 mg/lO00 ml. BBM=Banked breast milk; PTF=preterm infant formula; EBM=expressed maternal breast milk.
Conversion: SI to traditional units-Bilirubin: 1 Rmol/1-0-06 mg/10) ml.
*Overall mean (SD) enteral feed volume during the first week in ventilated infants was 232 (27) ml and in non-ventilated infants was 917 (39) ml. Conversion: SI to traditional units-Bilirubin: 1 Ztmolh'006 mg/100 ml. al expressed bilirubin neurotoxicity we performed a preliminary ibin on days analysis on peak plasma bilirubin of those infants n expressed with birth weight below 1500 g who had been ,ith formula randomly assigned to banked milk or formula as sole aller than in diets (primary trial). Figure 2 shows that in this subgroup infants who were ventilated had signifi-,ht on 'peak' cantly higher mean peak bilirubin concentrations if always occur they were fed on banked breast milk rather than Its who were preterm formula: 195 (18) [imoWl compared with 151 higher over-(11) ismol/l (p<0-05). The effect of diet in the ipared with non-ventilated group below 1500 g did not reach 7) v 151 (7) significance, though the population size was small eight infants (Fig. 2) . The mean enteral feed volume intake in test risk of the first week in ventilated infants weighing less than 1500 g (primary trial) was only 195 (SE 52) ml compared with 822 (39) ml in the non-ventilated Ventilated group (p<0-001); there was no difference in volume n-10 intake between diet groups in either case.
In Figure 3 group.bmj.com on April 8, 2017 -Published by http://adc.bmj.com/ Downloaded from formula alone and those fed on human milk (banked milk alone or expressed maternal milk supplemented, when required, with banked milk). Infants in the two groups fed human milk were combined as mean peak bilirubin values in each case were not significantly different. The proportion of infants whose highest recorded values did not exceed 100 ,tmoIIl was significantly higher in the group fed formula (9/30:30%) than in the combined groups fed human milk (6/94:6%) (X2=9-8, p<001 ).
Conversely, a significantly higher proportion of infants fed human milk had their highest values over 200 smolI (40/94:43%) compared with the group fed preterm formula (3/30:10%) (x2=9-3, p<001) .
Discussion
In this randomised study preterm infants fed on human milk had higher peak concentrations of plasma bilirubin and more prolonged hyperbilirubinaemia than those fed on an artificial preterm infant formula. This dietary effect was apparent even with low feed volumes and was found in sick ventilated infants below 1500 g (Fig. 2) whose mean intake of banked breast milk or formula during the first week was only 200 ml.
A notable feature of a rise in plasma bilirubin concentration induced by breast milk, especially that seen with banked donor milk, is its persistence. Indeed, a major proportion of infants fed human milk who remained in hospital until 5-7 weeks postpartum were still frankly jaundiced (Fig. 1) ; some were investigated to exclude other causes. Although the number of infants at this analysis was too small to explore adequately an effect of diet on the need for either phototherapy or exchange transfusions, preliminary data suggest that both the use of phototherapy and the duration of its application tended to be greater in infants fed human milk than in those fed formula; this may have had the effect of reducing the potential difference in bilirubin concentrations between feed groups. The possibility that breast milk jaundice increases clinical intervention needs further exploration. 3) were about four times more common in infants fed human milk (incidence 43%) than in those fed formula (incidence 10%).
Possibly the most vulnerable infants for bilirubin neurotoxicity are those of very low birth weight who have respiratory disease, which is commonly associated with low plasma albumin concentration and acidosis. It might be supposed that these infants would not be influenced by the type of milk chosen, as enteral intakes are usually limited in sick neonates. Yet our preliminary data show that even in this subgroup small volumes of human milk cause a significantly greater rise in plasma bilirubin than that seen with formula. Furthermore, we have shown that plasma bilirubin concentrations are higher in any case in infants with severe respiratory disease.
Despite these considerations, an epidemiological association between modest hyperbilirubinaemia and adverse neurodevelopmental effects does not imply necessarily a causal relation, and further work is needed in this area. The infants in this study represent a subgroup of over 900 babies from a multicentre feeding trial, and during their follow up (in progress) the relation between early diet, hyperbilirubinaemia, and subsequent neurological development is being examined. Given the information currently available, however, it might be unwise to disregard breast milk jaundice in high risk low birthweight infants. Temporary stopping of breast feeding (48 hours) has been used with success in full term infants with pronounced breast milk jaundice.'
We speculate that brief stopping of human milk feeds might prove valuable in certain preterm infants, especially those who are sick, as an adjunct to other measures in the treatment and prophylaxis of hyperbilirubinaemia, though further investigation is required to explore the clinical consequences of such a manoeuvre.
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